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TIPCONTROLWITHA 600SWEEP~GLE

AT A MACHNUMBEROF6.9

ByDavidE. FettermanandHerbertW.Ridyard

SUMMARY

A theoreticalandexperimentalinvestigationhasbeenmadeof the
effectof a changeinairfoilsectiononthehinge-momentcharacteristics
ofa half-deltatipcontrolwitha 600sweepangle.Thetestsweremade
ata Machnumberof6.9 smda Reynoldsnumberof 0.64x 106, basedon
tip-controlme.pnaerodynamicchord.Thecontrolswereinvestigatedat
singlesofattackof 0° and8° overa control-deflectionrangeof -14°
to 14°andat zerocontroldeflectionoveran angle-of-attackrange
of -12°to 12°.

TheresultsindicatethatathypersonicMachnumberstheairfoil
‘sections“ofhalf-deltatipcontrolsurfacescanhavelargeeffectson
theirhinge-momentcharacteristics,andtheseeffectscanbe adequately
predictedby shock-expansiontheory.Lineartheory,becauseof its
inherentlimitations,isnotgenerallyapplicableat theseMachnumbers,
andwhereagreementwithexperimentalresultsisobtained,thisagree-
mentwillgenerallybe foundtobe fortuitous.

INTRODUCTION

An investigationhasbeenundertakenintheLangleyn-inchhyper-
sonictunneltodeterminetheaerodynamiccharacteristicsof several
typesof controlsurfaces.Theresultsoftestsat a ~ch numberof 6.9
ononeofthesecontrolsurfaces,a half-deltatipcontrolona 600delta
wingreportedinreference1, showedthatresultsof lineartheoryand
.two-dhnensionalshock-expansiontheoryadequatelypredictedtheexperi-
mentalcontrol-surfacehinge-momentcharacteristicsat smalldeflection
angles.However,sincelineartheoryconsidersonlytheP~-fo~ effectf
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of an infinitelythinwing,theagreementoftheresultsoflineartheory
withshockexpansionande~erimentalresultsappearedtobe fortuitous
as a resultof theparticularairfoilsectiontested,aswaspointedout .
inreference1,anditwasexpectedfromtheoreticalconsiderationsthat
a smallchangeintheairfoilsectionofthistipcontrolwouldproduce
a largechangein itshinge-momentcharacteristics.

Thepurposeofthepresentpaperisto showtheoreticallyandto
verifye~erimentallytheeffectofa changeinairfoilsectiononthe
hinge-momentcharacteristicsofa half-deltatipcontrolof600sweep
angleat a Machnumberof6.9anda ReynoldsnumberofO.@!x 106based
on thetip-controlmeanaerodynamicchord.

SYMBOLS

Machnuniber

Reynoldsnumber,basedontip-controlmeanaerodynamicchord

staticpressure

ratioof specificheatsforair

~ #pdynamicpressure,z

controlrootchord

controlmeanaerodynamicchord,- c
;

controlplan-formarea

distancefromcenter

controlhingemoment

controlhinge-moment

wingangleofattack

ofpressuretohingeline

Hcoefficient,—
qS5

controldeflection(positivewhentrailingedgeisdeflected
downward)

flowdeflection

airfoilsurface

angle

anglewithrespectto chordline

●

✎



Subscripts:

o refersto

1 refersto

2 refersto

free-stresmconditions

foremostsreaofcontrolplanform

rearareaof controlplanform

DISCUSSIONOFTEEORY

Shock-ExpansionTheory

At hypersonicMachnumbers,,two-dimensionalflowcanoccuroverlarge
portionsofcontrolsurfaces(orwings)evenwhentheiraspectratiosare

* lowbecausethree-dimensionaleffectsareconfinedto smallregionswithin
highlysweptMachcones.Whenthisisthecase,a goodapproximationto
theflowquantitiesovertheentiresurfacecanbe obtainedby useof. shock-expansiontheoryprovidedtheangleof inclinationforshockdetach-
mentisnotexceeded.(Seeref.2.)

In theapplicationof shock-expansiontheorytoa configurationwith
sweptleadingedgesitmustbe pointedoutthatcorrectuseof thetheory
requiresthattheflowquantitiesintheplaaenormalto theleadingedge
be considered.However,calculationshaveshownthatforcontrolswith
thinairfoilsectionsandsweepanglesashighas 70°athypersonicMach
numbers,onlya smallerroris introducedby consideringtheflowquan-
titiesinthestresamlsedirection.Thus,theresultsof shock-expansion
theorypresentedinthisreportwereccmputedby consideringtheflow
quantitiesinthestreamwise.direction.Of course,in eithermethodthe
determinationofthelimitingangleforshockdetachmentmustbe carried

I

outintheplanenormalto theleadingedge.

Byuseof shock-e~smsiontheory,someinsightintotheeffectof
airfoilsectionshapecanbe obtainedby a considerationof thefollowing I
expressionforhinge-momentslopeparametersC~,b (meaningC~
or Cm):

y~
.. -----. 4
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whichhasbeenderivedin
curve-slopeparameterat
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as (1)

a manneranalogousto thatforthesectionlift-
s= 0° inreference3. Intheprecedingexpres-

sion C~,~ isseentobe a functionofthedistributionoverthecontrol

surface
s ‘f ‘e ‘-ti’y ‘[* ‘p’pOl=@ ‘here x ‘s‘he‘is’=ce

betieenthelocal.center

is therateof changeof

— —

ofpressureandthehingeU.nesnd
k (“4,=,

thelocaltofree-streamstatic-pressureratio -
r. -f

withsurfaceinclhation.Althoughtheparsmeter
[$ ‘P’po!l+ ‘s

directlyrelatedtotheairfoilsectiongeometry,no simpleconclusionas
to therelationof C&,& withairfoilsectiongeometrycanbemade
becauseofthemultiplicationfactorx withoutreferringtoa specific
controlconfiguration.Eowever,certaingeneralocclusionscanbemade
evidentby a considerationofthevariationsof kbe (P/PO)wifi e for
Machnumbersof6.9and10as shownh figure1. At M = 6.9, & (P/Po)
is seentovaryconsiderablywith 0 indicatingthatchangesinairfoil ●

sectioncanhavea largeeffecton C~,5. Eecauseof thegreaterslope
of thecurvefor M = 10,a givenchangeinairfoilsectionwouldcause
a largerpercentagechangein C~,5. At lowerMch numbersthevariation -

~ (P/Po)‘f be
with (3decreasessothat,fortipcontrolsoverwhicha

largeportionoftwo-dimensionalflowoccurs,a smallerpercentagewise
effectofairfoilsectionon C~,b istobe expected.

Effectofa ChangeinAirfoilSection

Theeffect
parametersofa

ofa changeinairfoilsectiononthehinge-momentslope
half-deltatipcontrolcanbe illustratedby theapplica-

tionof equation(1)toa controlwitha modifieddouble-wedgesadwedge
airfoilsection,bothhavingthessmeincludedleading-edgewedgeangle.
To assistinthisillustration,considertheplanform ofthewedgecon-
trolbrokenup intotwoareasequaltothoseofthemodifieddouble-wedge
controlas showninfigure1. Sincetheleading-edgewedgeangleofthe
controlsconsideredissmall,theentropylossthroughtheleading-edge
shockmaybe neglectedandequation(1)foreithercontrolthenreduces
to

*

.
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Thefirsttermisidenticalforeitherairfoilsectionandthesecond

8
termdiffersonlyinthepsrsmeter~a8P. whichisa functionofthe

rearsurfaceangle
intherearsurface
stantiallyincrease

The resultsof

@z. Thus,athigh&h numbersa positiveincrease
angleofthemodifieddouble-wedgecontrolwillsub-
%,8”

LinesxTheory

three-dimensionallineartheoryas obtainedfrcm
references4 and5 havebeenusedtopredicttheexperimentalMnge-
momentslopeparameters~ smd ~, respectively.However,two-
dtiensionallineartheoryoritsequivalentat smallangles(shock-
expansiontheoryappliedto a flatplate)canbe usedasa goodapproxi-
mationto thethree-dimensionallinesrtheoryprovidedtwo-dimensional
flowexistsovera largeportionofthecontrolsurface.Underthe
assumptionsof lineartheory,theeffectofthicknessdisappearsexcept
fordragcalculations,sndthuslineartheoryprecludesmy esthation
oftheeffectsofchangesinairfoilsectionsonhinge-moment
characteristics. 1

APPARATUS
WindTunnel

ThetestswereconductedintheLangleyU-inchhypersonictunnel
usinga single-steptwo-dimensionalnozzlewhichprovidedsufficiently
uniformflowformodeltestinginthecentralcoreof thetestsection
about5 inchessq~e incrosssection.A descriptionandcalibration
of thisnozzleisgiveninreference6.

Model

Theprincipaldimensionsof thesemispanwingandthetwointer-
changeabletipcontrolsusedinthisinvestigationareshowninfigure2.
Thebasicwinghada deltaplanformwitha leading-edgesweepangleof
600anda correspondingaspectratioof2.31.
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Thewingpanelexclusiveofthecontrolsurfacehida modifiedhex-
agonalorwedge-sl’ab-wedgeairfoilsection3-percentthickat thewing
rootwithconstantthicknessoutboardtothe55.7-percent-semispansta-
tion. Theincludedleading-edgewedgeangle,measuredparalleltothe
airstream,was5.7°.Thetrailingedgewasblunt=d hada constmt
thicknessof 1.5percentofthewingrootchord.

Thetwotipcontrolshadthesameplanform,rootchord,andhinge-
linelocation,butdifferedintheirairfoilsections.Thecontrolhad
a 600half-deltaplanform,thecontrolrootchordwaslocatedat the
55.7Percentwingsemispanstation,andthecontrolhtigelinewasno-l
to therootchordandlocatedat60percentofthecontrolrootchord.
I!othtipcontrolshadthesameincludedleading-edgewedgeangle,5.7°;
however,onecontrolhada modifieddouble-wedgeairfoilsectionwitha
blunttrailingedgeof constantthickness,1.5percentwingrootchord,
extendingto 65.1percentofthecontrolsemispanandfromtheretapering
to zerothicknessatthecontroltip. Theothercontrolhada
9.97-percent-Wckwedgeairfoilsection.Thegapatthewing-contiol
partinglinewasmaintainedatapproximately0.007inch.

Thesemispanwing-tipcontrolcombinationswe~emountedvertically
inthecenterofthetestsectionbymeansofthesupportshowninfig-
ure3. Thesupporthousedtheelectricalstrain-gagebalanceusedto
measurehingemomentsandwasinsulatedwithasbestossheetstominimize
heatingeffects.

Theangleofattackand/orcontroldeflectionwassetpriorto each
run. Theangleofattackwasvariedby rotatingthesupporttopredeter-
minedsettingsmeasuredfromthetest-sectionsideplate.Thecontrol
defectionsweresetby useofa seriesofwedge-shapedgageblocks,one
foreachofthecontroldeflectionstested.

TESTS

Thetestsweremadeat a stagnationpressureof37atmospheresand
a stagnationtemperatureofabout675°F. Thishighstagnationtempera-
turewasusedtoavoidairliquefaction.Warpageofthethinslit-like
mirxlmumofthenozzlebroughtaboutby thermalstressescauseda slight
variationofMachnuniberwithttie. Therefore,alldatawererecorded
ata specifictimecorrespondingto M = 6.9. Thesetestconditions
correspondto a Re~oldsnumberof0.64x 106,basedontip-controlmean
aerodynamicchord.Inorderto eliminatewatercondensationeffects,
theabsolutehumiditywaskeptlessthan1.87x 10-5poundsofwaterper
poundofdryair.



NACARM L54H16a

Thetestsweremadeat singlesofattackof0°and
deflectionrangefrom-14°to 14°,andat zerocontrol

7

80 overa control
deflectionoveram

angle-of-attac~rangefrom-12°t: 12°.

FRXCISIONOFDATA

of theerrorsinvolvedFroma consideration h measuringtheperti-
nentquantities- Machnumber,staticpressure,andhingemoment-
requiredto obtatithehinge-~mentcoefficients,theestimatedmaximum
errorin Ch was*0.001.Theestimatederrorin u smd 5 was~O.l~O.

DISCUSSIONOF TESTRFHIGTS

HingeMoments

Theexperhmntalresultsarepresentedh figure4 as thevariations
ofhinge-momentcoefficientwithcontroldeflectionat a = 0° and
a= 8° forthemodifieddouble-wedgeandwedgecontrolsections.The
variationsofhinge-momentcoefficientwithangleof attackat zerocon-
troldeflectionforbothcontrolsisshownh figure5. Thesefigures
showthatthewedgeairfoilsectiongaveconsistentlygreatervaluesof
Ch thanthemodifieddouble-wedgeairfoilaswasindicatedtheoretically
ina previoussection.Forcomparisonwithexperimentalresultsthe
hinge-momentcoefficientspredictedby shockexpansionandlineartheories
sreincludedinfigures4 and5. At u= 0° (fig.4) and 8 = 0°
(fig.5),theresultsofbothshockexpansionandlinearthee@-show
fairlygoodagreementwiththeexperimentalresultsofthetipcontrol
withthemodifieddouble-wedgeairfoilsectionovertherang~@?-the
investigation.However,lineartheorycompletelyunderestima&_swhereas
shock-expansiontheorypredictsadequatelytheexperimentalreihil.tsof
thetipcontrolwiththewedgeairfoilsection.At a . 80 (fig.4)
andpositivecontroldeflections,theresultsof shock-expansiontheory
areagaininfairlygoodagreeinentwiththeexpertientxilresultsof the
modifieddouble-wedgeconfigurationandinexcellentagreementwiththose
ofthewedgeconfiguration,butatnegativecontroldeflectionsshock-
expsmsiontheoryfailstopredicttheexperimentalcoefficientsforboth
tipcontrols.

Shock-expansiontheoryindicatesthatforthesecontrolsat a = 8°
themaximmcontroldeflectionforshockattachmentis b = 10°.Although
athighercontroldeflectionsthetheoryIsnotconsideredvalid,the
presentdatashowgoodagreementwiththeoryat b . 14°,especiallyfor
thewedgeairfoil.Additionaldataathighercontroldeflectionswould
be requiredtodeterminewhetherthisagreementisdueto ticcuraciesin
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thedataorcompensatingeffectscausedby thegapat thewing-tip-
controlpartingline. .

SlopeParameters

Thehinge-momentslopeparametersC~ and C& forbothconfigu-
rationsat 0°controldeflectionandangleofattack,asmeasuredfrom
experimentalresultsandpredictedby linearandshock-expansiontheories,
arepresentedinthefollowingtable:

Airfoil
section

Slope
parameter

Experiment,ILinesrtheory,I Shock-expansion
perdegree perdegree theory,perdegree

-0.0010 -0.00102 -0.00083
-0.0010 -0.00105 -0.00083

-0.0016 -0.00102 -0.00162
-0.0019 -0.ool~ -0.00162

Theexperimentalresultsshowthatchangingtheairfoilsection.froma
modifieddoublewedgetoa wedgeincreasedthevalueof Cm by 60per-
centand C% by $X3percent.Bylocatingthehingelineina morefor-
wardpositionthanthatusedinthisinvestigation,somewhatsmaller
percent~.increasesin C& smd C% wouldhavebeenobtained.The
theoreticalresultsshowthat,althoughlineartheorypredictsaccurately
theexperimentalresultsofthemodifieddoublewedge,itcompletely
underestlnktesthoseofthewedge.Shock-expsnsiontheory,however,gives
adequat@predictionsoftheexperimentalresultsforbothtipcontrols.

Itmustbe emphasiztithatthecloseagreementoccurringbetweenthe
experimentalresultsofthemodifieddouble-wedgecontrolandthepredic-
tionsoflineartheoryisfortuitous.Bymeansoftheshock-expansion-
theorysolutionfora flatplateas anapproximationtolineartheory,
thisfactcanbe establishedby referringagain’tofigure1 andnoting

= 6.9,thevdue of $~ indicatedfortheflatplatethat,at M
0 0

at e = 0° is intermediarytothevaluesof aP
i3ekc)

indicatedforthe

twoportionsof themodifieddouble-wedgecontrolwithsurfaceangles
el=2.85°~d e2=-3.200.Thus,compensatingeffectsarepresent
whichresultina valueof C~,5 forthiscontrolwhichisinclose
agreementwiththatpredictedby lineartheory.
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. CONCLUSIONS

Theeffectofa changeinairfoilsectiononthehinge-momentchar-
acteristicsofhalf-deltatipcontrolsona 60°deltawinghasbeeninves-
tigatedintheLsmgleyn-inchhypersonictunnelat alfachnumberof 6.9.
Theresultsofthisinvestigationleadtothefollowingconclusions.

1.At hypersonicMachnumberstheairfoilsectionsofhalf-deltatip-
controlsurfaceshavea lsrgeeffectontheirhinge-momentcharacteristics
andtheseeffectscembe adequatelypredictedby shock-expansiontheory.

2.Lineartheory,becauseof itsinherentlimitations,isnotgener-
allyapplicableattheseMachnumberssndwhereagreementwithexperi-
mentalresultsis obtained,thisagreanentwillgenerallybe fortuitous.

LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

kgley Field,Vs.,August3, 19.
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